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(54) [ Title of the Invention ] Apparatus for Feeding and Dispersing Large 

Amount of Particulate Material 

(57) [ Summary ] 

[ Object ] To continuously disperse/feed a large amount of a fine particulate material 
in a stable and uniform fashion. 

[ Structure ] A screen 2 is provided to the bottom of a hopper 1 for storing and feeding 
a particulate material 7. Vibrating continuous rods 3 provided with vibrating plates 4 
are placed at a given distance from the bottom of the screen 2. Ultrasonic vibrators 5, 
which are attached to the vibrating continuous rods 3, are equipped with ultrasonic 
transmitters 6. 




[ Claims ] 

[ Claim 1 ] An apparatus for feeding and dispersing a large amount of a particulate 
material, characterized in that a screen is provided to the bottom of a hopper for storing 
and feeding a particulate material, means for imparting ultrasonic vibrations are placed 
at a given distance from the bottom of said screen, and the particulate material in said 
hopper is indirectly fluidized and discharged downward through said screen by said 
means for imparting ultrasonic vibrations. 

[ Claim 2 ] An apparatus for feeding and dispersing a large amount of a particulate 
material as defined in Claim 1, characterized in that a plurality of vibrating plates are 
attached to a plurality of vibrating continuous rods as the means for imparting 
ultrasonic vibrations, ultrasonic vibrators are attached to said vibrating continuous rods, 
and ultrasonic transmitters are provided to said ultrasonic vibrators. 

[ Detailed Description of the Invention ] 
[0001 ] 

[ Field of Industrial Utilization ] The present invention relates to an apparatus for 
feeding and dispersing a large amount of a particulate material, and more particularly 
to an apparatus that allows a particulate material with a mean grain diameter of 50 pirn 
or less to be fed and dispersed in a large amount at a constant rate. 
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[ 0002 ] 

[ Prior Art ] Rotary tables, screws, vibratory feeders, and the like are used as the 
equipment for continuously feeding particulate materials at constant rates. Such 
equipment, while suitable for feeding a large amount of a particulate material of 
comparatively large grain size, cannot be used for continuously dispersing/feeding a 
large amount of a particulate material whose mean grain diameters is 50 |im or less at a 
constant rate. This is because cohesion among particles becomes more pronounced and 
stable supply of the particles is impaired as the grains of the particulate material 
decrease in diameter. 

[ 0003 ] Specifically, a particulate material is expelled as a single mass of particles 
when a certain minimum amount of such particles has accumulated near the feed port, 
and the discharge pressure thereof exceeds the cohesion among the particles, resulting 
in a pulsating, rather than continuous, supply of the particulate material. Cohesion 
increases and the above-described phenomenon becomes more pronounced as the grain 
diameter of the particulate material decreases. In addition, the phenomenon becomes 
more pronounced with a reduction in the rate at which the particulate material is fed 
because such a reduction requires a longer time for increasing the discharge pressure of 
the particulate material accumulated near the feed port. 

[ 0004 ] The apparatus described in Japanese Laid-Open Patent Application 1-134628 
as one aimed at preventing such pulsations is shown in Figure 5. The main 
apparatus 11 comprises a feeding pipe 13 for supplying a particulate material, a 
vibration-enhancing horn 16 and an ultrasonic vibrator 15 connected to a vibration- 
transmitting rod 14 passing through the feeding pipe 13, and a vibrating plate 17 fixed 
to the tip of the vibration-transmitting rod 14, pressed against the feeding pipe 13, and 
provided with a plurality of fine holes 21, as shown in Figure 6. Because the vibrating 
plate 17 having the fine holes 21 is vibrated by making use of ultrasonic vibrations, the 
main apparatus 11 can fluidize the particulate material 12 on the vibrating plate 17 and 
to discharge it uniformly through the fine holes 21. As a result, it is easy to stably feed 
small amounts of the particulate material 12 in the feeding pipe 13 at a constant rate. 
The feed rate can be easily adjusted by varying the vibration conditions and other 
attributes of the ultrasonic vibrator 15. Another advantage of this apparatus is that the 
material can be fed at a constant rate very quietly because high-frequency vibrations are 
used during feeding. 
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[ 0005 ] 

[ Problems Which the Invention Is Intended to Solve ] The apparatus described in 
Japanese Laid-Open Patent Application 1-134628 is indeed effective when, for 
example, a pack is filled with a drug or other powdery material, when a workpiece is 
polished and cleaned by being blasted with an abrasive material, or in any other case in 
which the material being supplied at a constant rate is fed in a relatively small amount. 

[ 0006 ] Meanwhile, exhaust gases from garbage incinerators, waste incinerators, 
waste melting furnaces, sintering machines, and the like usually contain sulphur oxides, 
hydrogen chloride (HC1), and other hazardous acid substances in ratios of 100- 
300 ppm, and various gas treatment methods have recently been developed in order to 
remove these hazardous substances. To remove hydrogen oxide and other acid gases 
from the exhaust gases, for example, large amounts of microparticulate materials 
consisting of slaked lime and other alkali components are continuously and uniformly 
blown into the exhaust gases in order to render the substances harmless by performing a 
neutralizing treatment. In this case, the manner in which large amounts of 
microparticulate materials are blown continuously and uniformly into the exhaust gases 
is important for increasing the efficiency with which the acid gases are eliminated. 
Thus, the equipment described above is totally ineffective for continuously blowing 
large amounts of microparticulate materials. 

[ 0007 ] To consider an actual example, the flow rate of an exhaust gas, while varying 
with the type and scope of the equipment, is considerable (about 30,000- 
1,500,000 Nm 3 /hr), and the required amount of a microparticulate material consisting 
of alkali components being continuously blown in order to remove hydrogen chloride 
and other acid gases from this exhaust gas is also considerable (about 30-1500 kg/hr). 
The requirement to supply a large number of a microparticulate material inevitably 
leads to the use of a larger vibrating plate in the above-described apparatus. Merely 
installing a vibration-transmitting rod at a single position in the center of the vibrating 
plate will lead to a reduction in the high-frequency vibrations in areas outside the 
vibrating plate even when the power of the ultrasonic vibrator is increased, making it 
difficult for the particulate material in the upper portions outside the vibrating plate to 
be fluidized, preventing this particulate material from flowing uniformly through the 
fine holes, and, ultimately, causing the particulate material inside the apparatus to form 
bridges and to clog the entire apparatus. 
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[ 0008 ] Providing the vibrating plate with a plurality of vibration-transmitting rods 
has been proposed for such cases, but particulate materials adhere to such vibration- 
transmitting rods, not only causing bridging around the points of adhesion but also 
increasing the capital cost of vibration-imparting equipment and making its maintenance 
more complicated. 

[ 0009 ] 

[ Means Used to Solve the Above-Mentioned Problems ] The main point of the present 
invention is an apparatus for feeding and dispersing a large amount of a particulate 
material characterized in that a screen is provided to the bottom of a hopper for storing 
and feeding a particulate material, means for imparting ultrasonic vibrations are placed 
at a given distance from the bottom of the screen, and the particulate material in the 
hopper is indirectly fluidized and discharged downward through the screen by the 
means for imparting ultrasonic vibrations. It is preferable to use an arrangement in 
which a plurality of vibrating plates are attached to a plurality of vibrating continuous 
rods as the means for imparting ultrasonic vibrations, ultrasonic vibrators are attached 
to the vibrating continuous rods, and ultrasonic transmitters are provided to the 
ultrasonic vibrators. 

[ 0010 ] 

[ Effect of the Invention ] In the apparatus of the present invention, the air between the 
vibrating plates and the screen vibrates vigorously when the vibrating plates underneath 
the screen at the bottom of the hopper are vibrated by the external ultrasonic vibrators. 
Uniform vibrations uniformly spread across the entire surface are thereby transmitted to 
the particulate material on the screen, fluidizing this particulate material and allowing it 
to flow continuously and uniformly through the holes. As the particulate material 
outflow descends through the space between the screen and the vibrating plates, 
aggregated particles are further dispersed by the vigorous vibration of the air, 
producing a uniform fine powder. 

[0011 ] 

[ Practical Examples ] Figure 1 is a schematic overview of an example of the 
apparatus of the present invention. A screen 2 having multiple holes is provided 
underneath a hopper 1 for storing and feeding a particulate material 7. Vibrating 
plates 4 and ultrasonic vibrators 5, which are attached to the vibrating continuous 
rods 3, are equipped with ultrasonic transmitters 6. 
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[ 0012 ] The size of the gap between the lower surface of the screen 2 and the upper 
surfaces of the vibrating plates 4, while varying with the relative aperture of the 
screen 2, the feed rate, the frequency imparted, the grain diameter of the particulate 
material, and the like, is preferably about 5-150 mm. A grain diameter above 150 mm 
is unsuitable because of the decreased vibration of the air. A wire mesh or a punching 
plate obtained by slitting or perforating a steel plate or the like may be used as the 
screen 2. 

[ 0013 ] The range of high frequencies suitable for transmission to the ultrasonic 
vibrators 5, while varying with the grain diameter of the particulate material involved, 
the adhesion and aggregation properties, and the like, is limited to 1-40 kHz by the 
mechanical vibration strength of the apparatus. 

[ 0014 ] Figure 2 is cross section A-A in Figure 1. Ultrasonic vibrations can be 
uniformly transmitted to the particulate material on the screen by arranging the * 
vibrating continuous rods 3, vibrating plates 4, ultrasonic vibrators 5, and ultrasonic 
transmitters 6 radially (Figure 2a) or in a row (Figure 2b), depending on the shape of 
the hopper 1 . 

[ 0015 ] Figure 3 is cross section B-B in Figure 1. As shown in the drawing, the 
vibrating plates 4 may have various shapes. 

[ 0016 ] Figure 4 depicts an example in which the apparatus of the present invention is 
adopted. In this example, the apparatus of the present invention is placed between a 
dust catcher 10 and a waste incinerator 8 and boiler 9. In the case of an exhaust gas 
produced by the incineration of waste, a fine particulate material composed of slaked 
lime and other alkali components can be continuously and uniformly introduced at a 
high rate into the apparatus of the present invention, rendered harmless by a 
neutralizing treatment, and released into the atmosphere through a stack 22. 

[ 0017 ] 

[ Merits of the Invention ] The proposed apparatus for feeding and dispersing a large 
amount of a particulate material can be enlarged while its functions are preserved by 
linking a plurality of vibrating plates to the vibrating continuous rods, allowing even 
large amounts of particulate materials to be continuously fed and dispersed in stable and 
uniform fashion. In addition, enlarging the surface area of the screen makes it possible 
to reduce the pressure from the accumulated particulate material, to prevent superfine 
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powders prone to bridging from forming bridges, and to ensure an unimpeded supply 
of the material at a constant rate even when the material contains foreign matter or 
coarse grains. Furthermore, the enhanced dispersion effect of the proposed apparatus 
for feeding and dispersing a large amount of a particulate material increases the specific 
surface of the dispersed particulate material, enhances, the efficiency of contact between 
the particulate material and the carrier gas and the treated gas, and makes the reactions 
more efficient. 

[ Brief Description of the Figures ] 

[ Figure 1 ] A diagram depicting an example of the apparatus of the present invention. 

[ Figure 2 ] A diagram depicting cross section A- A in Figure 1. 

[ Figure 3 ] A diagram depicting cross section B-B in Figure 1 . 

[ Figure 4 ] A diagram depicting an example in which the apparatus of the present 

invention is used. 

[ Figure 5 ] A diagram depicting a conventional apparatus. 

[ Figure 6 ] A diagram depicting a vibrating plate of the conventional apparatus. 

[Key] 

1: hopper, 2: screen, 3: vibrating continuous rod, 4: vibrating plate, 
5: ultrasonic vibrator, 6: ultrasonic transmitter, 7: particulate material, 
8: incinerator, 9: boiler, 10: dust catcher, 11: apparatus for feeding particulate 
material at constant rate, 12: particulate material, 13: feeding pipe, 14: vibration- 
transmitting rod, 15: ultrasonic vibrator, 16: vibration-enhancing horn, 17: vibrating 
plate, 18: fine hole, 21: fine hole, 22: stack, 23: blower 
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[ Figure 1] [Figure 2] [Figure 3] 




[ Figure 4 ] [ Figure 5 ] 
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